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absolute differences – calculated angle minus the true angle, then sign changed to 
positive if it is negative. 
 
accuracy – “The closeness of agreement between a test result and the accepted reference 
value” (ISO 5725-1). 
 
accurate - "produces results in agreement with the true value" (Validation). 
 
agency - "any entity such as an individual, a law enforcement department, a private 
company, or a government or private laboratory that provides BPA as one of its 
functions" (Validation). 
 
Analysis of Variance (ANOVA) - mathematical process for separating the variability of a 
group of observations into assignable causes and setting up various significance 
tests (NIST). 
 
angle of incidence/impact – "the acute angle formed between the direction of a blood 
drop and the plane of the surface it strikes" (IABPA). 
 
blood – the body’s “circulating tissue” that carries oxygen, nutrients, carbon dioxide, etc. 
in and out of the body (Christman, 1996). 
 
blood clot - "A gelatinous mass formed by a complex mechanism involving red blood 
cells, fibrinogen, platelets, and other clotting factors" (SWGSTAIN). 
 
blood cylinder – the shape of a cylinder, or parabolic solid arc, that is traced out of space 
by a sphere of blood during free-fall, before impact. 
 
bloodstain - "evidence that liquid blood has come into contact with a surface" (IABPA). 
 
bloodstain pattern - "A grouping or distribution of bloodstains that indicates through 
regular or repetitive form, order, or arrangement the manner in which the pattern 
was deposited" (SWGSTAIN). 
 
Burgess Modulus – the shape made by the intersection of two empty cylinders, producing 
a unique surface area akin to a distorted ellipse. This shape has unique 
mathematical properties which can be attributed to blood hitting a cylindrical 





calculated precision – the maximum calculated value across the trial for each sample 
minus the average calculated value from the same sample. 
 
Cartesian Coordinate - A system of representing points in space in terms of their distance 
from a given origin measured along a set of mutually perpendicular axis (written 
X, Y, Z) with reference to 3 axes. (SWGSTAIN educational model) 
 
complement angle (x of y) – angle x added to angle y forms a right (90 degree) angle. 
 
Cylindrical Capture Method – a method of determining the angle of incidence based on 
the circular projection of the stain onto a given plane. This method was developed 
by this researcher and will be described more in the text, but is based on the 
researcher’s cylindrical drop path mathematical model. 
 
cylindrical drop path – this is the mathematical model of how blood carves out an 
approximated cylinder shape through space, closer matching a cylinder as 
distance to the impact site is decreased. 
 
cylindrical section - “A cylindric section is the intersection of a plane with a right circular 
cylinder. It is a circle (if the plane is at a right angle to the axis), an ellipse, or, if 
the plane is parallel to the axis, a single line (if the plane is tangent to the 
cylinder), pair of parallel lines bounding an infinite rectangle (if the plane cuts the 
cylinder), or no intersection at all (if the plane misses the cylinder entirely)” 
(Hilbert and Cohn-Vossen, 1999). 
 
damping time - "measure of the length of time any fluid will be distorted prior to 
reassuming the spherical shape caused by surface tension... It is inversely 
proportional to the viscosity of the fluid" (James, 2005). 
 
design - a set of experimental runs which allows you to fit a particular model and 
estimate your desired effects (NIST). 
 
direction of flight - "the trajectory of a blood drop which can be established by its angle 
of impact and directionality angle" (IABPA). 
 
directionality angle - "the angle between the long axis of a bloodstain and a 
predetermined line on hte plane of the target which represents zero degrees". 
(IABPA). 
 
directionality - "the direction the blood was traveling when it impacted the target surface. 
Directionality  
 







effect - How changing the settings of a factor changes the response. The effect of a single 
factor is also called a main effect (NIST). 
 
error – unless specified directly, “error” will refer to the difference of the calculated angle 
of incidence with respect to the actual angle of incidence.  
 
erythrocytes – "are small, circular, biconcave discs approximately seven to eight microns 
in diameter. Erythrocytes are the most numerous of the formed elements found in 
the blood and contribute to the total viscosity of blood." They commonly referred 
to as red blood cells (Christman, 1996). 
 
factorial experiment – more than one independent variable, or design who has two or 
more factors, each with different values or levels (Box 2005). 
 
flight path - "the path of the blood drop, as it moves through space, from the impact site 
to the target" (IABPA). 
 
flow pattern - "A bloodstain pattern resulting from the movement of a volume of blood 
on a surface due to gravity or movement of the target" (SWGSTAIN). 
 
Heparin – a chemical that can added to blood to make it resistant to clotting, therefore 
allowing it to be stored (James, 2005). 
 
hematocrit – the percentage of erythrocytes in a sample of blood (Christman, 1996). 
 
horizon – the orthogonal plane with respect to the directional ray of gravity. 
 
interaction – (interaction of AxB) – “Differences among the levels of one factor depend 
on the levels of the other…Occurs when the effect of one factor on a response 
depends on the level of another factor(s)” NIST. 
 
lens aberration – the distortion caused by the curvature of lenses, which may stretch an 
image, causing error in calculation. 
linear regression – models the relationship between a dependent variable y and at least 
one independent variable x (Cohen). 
 
main effect - effect of one IV onto DV, ignoring all others. 
 
main effect of tools - overall difference among levels of tools that is consistent across the 
level of trials. 
 
main effect of trials - overall difference among levels of trials that is consistent across the 






MEMS gyroscope – The micro-electro-mechanical system gyroscope which is essentially 
an electrical analogue to a gyroscope that can determine positioning of the device 
a device, thus allowing for accurate and precise angle capturing, and hence 
functions as a digital level once calibrated to the horizon. May be abbreviated as 
“gyrometer”. 
 
must - "done without exception" (SWGSTAIN). 
 
Newtonian fluid - "a fluid that maintains constant viscosity under shearing forces", such 
as water (Nordby, 2006). 
 
Non-Newtonian fluid - Any fluid whose properties differ in any way from those of 
Newtonian fluids. 
 
orthogonal – when a line and plane (or another line) are perpendicular to each other in 
every aspect in a three dimensional space. Two vectors of the same length are 
orthogonal if the sum of the products of their corresponding elements is 0 (NIST). 
 
outlier – a member of a set of values which is inconsistent with the other members of that 
set (ISO 5725-1). 
 
passive drop - "bloodstain drop(s) created or formed by the force of gravity acting alone" 
(IABPA). 
 
perpendicular – the relationship between two mathematical objects that meet at a right 
(90 degree) angle. 
 
point (area) of convergence - "the common point (area), on a two dimensional surface, 
over which the directionality of several blood drops can be retraced" (IABPA). 
point/area of origin – The three dimensional range in which the blood origin was likely to 
originate from (MacDonell, 1971). 
 
precision – “the closeness of agreement between independent test results obtained under 
stipulated conditions” (ISO 5725-1). 
 
projection – taking every point of a desired object and assigning it a linear mapping at a 
desired, fixed angle. In this paper, it will refer to the two dimensional bloodstain 
being projected. 
 
Randomization - A schedule for allocating treatment material and for conducting 
treatment combinations in a DOE such that the conditions in one run neither 
depend on the conditions of the previous run nor predict the conditions in the 
subsequent runs (NIST). 
 







recommend - "appropriate, but not mandatory" (SWGSTAIN). 
 
relative differences – Calculated angle minus the true angle. 
 
relevant - "provides answers to the questions being asked" by the community at hand 
(Validation). 
 
reliable - "produces consistent results when applied as designed" (Validation). 
 
repeatability – “Precision under repeatability conditions” (ISO 5725-1). 
 
repeatability conditions – Conditions where independent test results are obtained with the 
same method on identical test items in the same laboratory by the same operatory 
using the same equipment within short intervals of time (ISO 5725-1). 
 
Repeated measures design – uses the same subjects with every iteration of the 
experiment, including the control (Vonesh 1997). 
 
reproducibility – precision under reproducibility conditions (ISO 5725-1). 
 
reproducibility conditions – conditions where test results are obtained with the same 
method on identical test items in different laboratories with different operators 
(ISO 5725-1). 
Reynolds Number (Re) – A number that expresses the inertial and viscous forces of a 
certain liquid. 
 
serum - "a clear or yellowish stain that is present after retraction of red cells" (IATA). 
 
should - "expected to be done" (SWGSTAIN). 
 
spatter - "that blood which has been dispersed as a result of force applied to a source of 
blood. Patterns produced are often characteristic of the nature of the forces that 
created them" (IABPA). 
 
sphericity - “homogeneity of variances in a between-subjects ANOVA” and if violated 
could inflate the F-score of an ANOVA (Laerd Statistics 2015) (Huynh 1978). 
 
string method - with this method, investigators pin a string to the bloodstain at the angle 
found, and run it along the major axis. This string represents the approximate 
flight path (Wonder, 2007). 
 
tail – the non-elliptical portion of a bloodstain, that trails off in the direction of travel of 







target - "the object, usually white cardboard, onto which blood is splashed, spattered, 
projected or dropped" (MacDonell, 1971). 
 
tangent method – using the angle found from a drop of blood and applying tangent to that 
degree, then multiplying by the distance away the point of convergence, results in 
how high the area of origin is (MacDonell, 1996). 
 
treatment – “a specific combination of factor levels whose effect is to be compared with 
other treatments” (NIST). 
 
trueness - “The closeness of agreement between the average value from a large series of 
test results and an accepted reference value”. Once known as bias (ISO 5725-1) 
. 
upper bound (x of y) – the value x in which the respecting value y will never exceed. 
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The field of Bloodstain Pattern Analysis has had many achievements since the mid 
1900’s, such as using computers in a physical crime scene. However, the computer aided 
programs that are in use today are sometimes bulky, many times expensive, and always 
require a large amount of training to be used properly. In addition to this problem, many 
investigators use the same formula of determining the angle of incidence on every type of 
surface, planar or not, which creates mistakes in their findings. Using a technological 
approach, this investigation examined a new approach for collecting data from 
bloodstains. This examination answered the researcher’s question of, “Will the theory of 
cylindrical drop paths to determine angle of incidence be as accurate and precise on 
planar surfaces as the industry standard?” Testing the Cylindrical Capture Method and 
the digital caliper method against the true angle of 187 bloodstain samples, this research 
showed that the Cylindrical Capture Method is a valid way of collecting the angle of 
incidence of passive bloodstains and yields results comparable to and often better than, 








CHAPTER 1. INTRODUCTION 
1.1 Introduction 
Bloodstain Pattern Analysis has made significant strides by transforming a crime 
scene into a mathematical environment. By using equations discovered in the early 
1900’s, a bloodstain analyst can use evidence found in the geometries of a bloodstain to 
help reveal the events of a crime (MacDonell, 1971). Although adapting this equation to 
stains normally causes no issue, the researcher’s previous work suggests that when blood 
hits a non-planar object, such as a pipe, corners of furniture, or certain weapons, the old 
formulas are not compatible and may cause large errors if used. Alongside, even the 
methods being used now for collecting data from a flat surface can be difficult, 
misconstrued, or plainly too expensive or time consuming for smaller departments 
(Childs, 2009; Laturnus, 1991). 
The researcher investigated this problem to find a more reliable way to collect 
accurate data, not only for bloodstains on a non-planar surface, but also for the common, 
planar surface stains. The researcher may have a universal solution called the 
“Cylindrical Capture Method” involving the mathematical model of “cylindrical drop 
paths”, but initial research was necessary to declare that it works in a constrained 
environment of flat surfaces before the larger problem of curved surfaces can be 
attempted. This thesis focuses on the CCM tool, how it works based off of the cylindrical 





by experts in the field, further research into non-planar surfaces with this method can 
follow.  
1.2 Statement of Purpose 
Initially, the researcher worked in the area of bloodstain pattern analysis to find 
multiple, intricate equations that bloodstain analysts could use, but found these formulas 
are too cumbersome to be used reliably in the field. Although many equations would 
allow the field to look more technical to people outside the scientific community, the real 
desired impact behind the research would have been lost. The researcher found that 
forensic science does not need cumbersome equations to make an impact in the sciences, 
but rather easy-to-use methods that have known error rates. This will allow the tools to be 
used more often, and allow others to rely on the mathematics of a scene, even if they 
never have to use a single equation. 
Even for trained experts using current methods, the data collecting process for 
even the most basic of stains can be difficult, and has been seen to yield a very large error 
rate. Also, many of these experts believe their observations are correct, which results in 
largely misconstrued results (Laturnus, 1991). To combat this large oversight, the 
researcher studied the reasoning behind these errors and made a new tool with published 
error-rates, so that existing and future evidence is not considered wrongfully collected or 
analyzed. 
The researcher created a simple method that will help survey the crime scene, 
using a potentially universal method to decrease the number of false conclusions. 
Ultimately, the researcher wants to help eliminate the biases and intuition used by 





crime scene, which would make Bloodstain Pattern Analysis and Forensic Science as a 
whole, much more of a hard science. 
 
1.3 Research Questions 
This research attempts to answer if the Cylindrical Capture Method is a suitable 
method for collecting angle of incidence data from bloodstains.  
 If the model is not mathematically sound, further research for the Cylindrical 
Capture Method would be delayed until the errors in the model were identified. If the 
model applies, the Cylindrical Capture Method could be a reasonable method for 
collecting angle of incidence data for elliptical bloodstains in the laboratory and at crime 
scenes. To determine if this method is valid, the following was also questioned: 
“Applying the Cylindrical Drop Path model with the ‘Cylindrical Capture Method’, how 
does it compare to current error rates and the accepted caliper method of data collection 
on standard, planar surfaces?” To find answers to this question, the tool first needs to be 
deemed to have repeatability, and then needs to be tested against the industry standard. 
Hence the hypotheses being tested are: 
 H1: Methods do not vary in accuracy across trials. 
 H2: The CCM and the caliper methods do not vary significantly in calculating the 
true angle. 






1.4 Scope and Significance 
The scope of this research is to make a mathematically-viable model and 
associated method that will allow for a new way to collect the angle of incidence from 
medium to large bloodstains on a standard (limited absorbent), planar surface. This 
research will not investigate if this method is compatible with non-planar surfaces, 
however if the method is deemed successful by peers, this would be the natural next 
research area for the method. 
The mathematical model involves matching a circle to the elliptical shape of a 
stain, which can reduce the human error. This error can occur when investigators estimate 
more acute stains that do not have a defined stop, but rather tail of a stain obstructs 
reliable measurement. 
Even if this project was not successful in determining that the CCM was precise 
and accurate, published error rates for this method and the industry standard will further 
strengthen the field. 
This research also touches on four of the twelve of the current research needs that 
have been published by the Scientific Working Group for Bloodstain Pattern Analysis 
(SWGSTAIN). In 2011, SWGSTAIN published “Current Research Needs for Bloodstain 
Pattern Analysis.” In this paper, SWGSTAIN called for twelve areas for improving the 
field, with notable research opportunities of: 
 “Research to develop new methods to assist with the visualization of 
bloodstains on difficult surfaces” 
 “Research to develop new automated methods to record bloodstain 





 “Research to develop quantitative computer models for bloodstain pattern 
reconstruction” 
 “Research to improve methods for presenting bloodstain pattern evidence 
within the legal environment” 
 
1.5 Assumptions 
The following assumptions were inherent to the pursuit of this study: 
1. The acceptable error rate provided of plus or minus seven degrees that has been 
established in the field is standard in all types of bloodstain pattern analysis. 
However, five degrees of acceptable error was used in this research to better 
strengthen the argument. 
2. After calibration, the internal gyroscope of an iPad 2™ and iPod Touch™ devices are 
accurate and precise in determining orientation of the device with respect to the 
natural horizontal.  
 
1.6 Limitations 
The following limitations were inherent to the pursuit of this study: 
1. This study is limited to the accuracy of the instruments used frequently in the field. 
2. This study is limited to the quality of the camera in the iPad 2™ device, when 
capturing via the CCM, along with the accuracy of its internal gyroscope.  
3. Due to lack of funding, most supplies were purchased by the researcher, which limits 





4. The cohesiveness of blood may fluctuate based on temperature and time kept. The 
researcher used relatively room temperature and fresh serum, which has been shown 
to cause very little data fluctuations for passive bloodstain patterns.  
 
1.7 Delimitations 
The following delimitations were inherent to the pursuit of this study: 
1. The surface type was limited to white 110 lb-weight cardstock, on a planar surface, 
throughout the entirety of the experiment.  
2. The researcher used bovine blood and not human blood due to funding, Institutional 
Review Board (IRB) restrictions, along with avoiding health hazards associated with 
human blood. Bovine blood, which is relatable to human blood for this experiment, 
was available due to Purdue’s “Boilermaker Butcher Block” being nearby 
(Christman, 1996). 
3. The researcher used an anticoagulant, Heparin, to give the blood a longer shelf life, 
and is not using blood that does not have this additive. 
4. The researcher only used passive bloodstains, and did not study this procedure on 
castoff or the like. 
5. Researcher used the iPad 2™ and associated iPod Touch™ devices during these 






1.8 Chapter Summary 
This chapter comments on purpose, research questions, scope, and significance. 
The chapter concluded by defining the assumptions, limitations, and delimitations of this 
project. The next chapter will provide a brief basis for what is known in the field of 








CHAPTER 2. LITERATURE REVIEW 
In the field of Bloodstain Pattern Analysis, there has been little research performed 
for when blood makes contact with a surface that is not flat. However, there is one 
notable study “Calculating the Area of Origin of Spattered Blood on Curved Surfaces” by 
Flippence (2011) that was recently accomplished using advanced computing equipment.  
In 2007, a woman was found deceased in the passenger-side of a crashed, blood-
covered vehicle in New South Wales, Australia. The driver of the car was uninjured. The 
woman, who was not wearing her seatbelt, had several injuries to her face that were not 
consistent with an automobile accident. In many cases, this may be overlooked due to the 
complicated nature of blood hitting a non-planar surface, however a blood and laser 
specialized crime scene analyst, Flippence investigated the blood spatter on the bi-
concave windshield and found that this was indeed a murder (2011).  
Flippence used the FARO Laser ScanArm, coupled with the software AutoCad and 
Solidworks to make these conclusions (2011). Although this method was very accurate, 
the results required training with expensive and large equipment. The cost and training 
required must be lowered significantly before this method is practical for all investigators 
to use, and is currently limited to very specialized experts. Investigations that involve 
curved surfaces should be limited to investigators that are specialized in the field. 
However there is a potential that data has been incorrectly collected by others either not 





do not apply, as non-planar surfaces are not taught in BPA training (SWGSTAIN, 
2008a).  
This research review offers a brief overview of the field and the niche topic that the 
researcher intends to help solve. This chapter discusses the basics of the composition and 
properties of blood, the origins of Bloodstain Pattern Analysis, the science behind 
Bloodstain Pattern Analysis, areas for improving the field, and finally will introduce the 
“Cylindrical Capture Method”. 
 
2.1 What is blood? 
 Blood is the body’s “circulating tissue” that carries oxygen, nutrients, carbon 
dioxide, etc. in and out of the body (Christman, 1996). Various studies have shown that 
8-9% of a human body’s weight is blood, coming to around 4-6 liters or about one 
gallon’s worth, the lesser end if the human is female and the larger if it is male (Bevel, 
2002; James, 2005). By volume, human blood is 91% water, 8% soluble proteins, around 
1% organic acids, and around 1% salts (Bevel, 2002). This solution helps make the 
erythrocytes, commonly referred to as red blood cells that make up most of the blood’s 
solidity. The percentage of erythrocytes in a sample of blood is called the “hematocrit” of 
the sample, and is largely responsible for blood’s high viscosity (Christman, 1996). 
Human blood viscosity is normally in the range of 4.4 to 4.7, with viscosities possible 
outside of this range. However, these would result in a major medical condition, which 
would be an investigation unto itself (Bevel, 2002). Therefore, if a human blood 






 This viscosity is one of the reasons why blood is such a unique, Non-Newtonian 
fluid. The viscosity of blood being four times as viscous as water, among other factors, 
allows blood to form more of a sphere-shape in free-fall rather than a teardrop (James, 
2005). This characteristic of blood allows for most of the mathematics to even be 
possible, and was found early on in the life of bloodstain pattern analysis. 
 
2.2 Origins of Bloodstain Pattern Analysis 
Crime scene analysis has used evidence from blood for hundreds of years, there 
are only a few early articles that detailed these observations. One of the first published 
articles that directly links bloodstain evidence to a crime scene, John Gordon Smith states 
that "'blood in the body was everywhere in a fluid state - a circumstance which, he says, 
he never found in a case of a natural death" (1829). Although this is a fairly sensible 
deduction, this was one of the first documentations of, identifying blood evidence that 
could be attributed to reconstructing the crime scene. 
First observations of the geometries associated with bloodstains was not noted 
until approximately fifty years later. Although simple by today’s standards, Woodman 
(1877) described bloodstains as “comet-shaped” and hypothesized that the tail of such 
stains showed the direction in which the blood was traveling upon impact. Florence then 
added to these observations by writing that the “location and shape of blood spatters” 
could be useful in determining the events of a crime. Also, noting the geometry, he states 
that if a stain is round, the blood fell vertically, and “oblong stains result from impact at 






the trails of the stain were very accurate. He changed the wording of when blood strikes 
at more of an angle to be the shape of a “pear” (1901). 
However in 1895, Dr. Eduard Piotroski was one of the first researchers to publish 
results of trying to recreate results from a crime scene in a laboratory setting. Although 
brutal by today’s standards, Piotrowski wrote “Concerning Origin, Shape, Direction, and 
Distribution of the Bloodstains Following Head Wounds Caused by Blows,” where he 
assembled white cardboard walls and struck live rabbits with a hammer, and reproduced 
the results suggested by earlier researchers (1895). This study showed the correlation 
between bloodshed and the results seen at a crime, and was able to recreate this in a 
laboratory environment. 
 Later, Gross (1908) noticed the importance and fragility of blood evidence and 
urged investigators to “inform police that nothing should be touched until an expert 
arrives. Bloodstains have the first priority at a crime scene”. Two years later, Leers 
(1910) mentions that “sometimes the whole proceeding of the crime” can be revealed 
from “the number, the extent, the position, and the clustering of blood traces”. This 
includes “direction of movement of the victim and offender...[and] whether the place 
where the victim was found, was the place of the crime”. 
 Up to this point, the major findings in the field have been mostly on a two-
dimensional basis, with mention that if a bloodstain was longer, the more of an angle the 
blood drop hit. Balthazard truly changed the field by finding the “trigonometric 
relationship between the length and width of a bloodstain” and the angle of incidence 
(1939). This trigonometric formula has been the basis of all current analysis, and has not 






this formula and determined that velocity of impact did not change the trigonometric 
relationship (1953). 
 Without knowing the previous study by Balthazard, MacDonell also found the 
trigonometric relationship between bloodstains and the angle of incidence. Although he 
researched the field prior, due to the world not being as connected as it is now, he did not 
know this study was already accomplished. Even so, his observations matched the 
findings found by Balthazard and the field was strengthened by showing the repeatability 
of results. MacDonell continued with his research and found many more observations on 
bloodstains, such as terminal velocity, effects of air resistance, and various other 
characteristics (1971). 
Herbert MacDonell has been a primary researcher in the field by fully researching 
the bloodstains and bringing forensic science to the mainstream. In 1983, the 
International Association of Bloodstain Pattern Analysts (IABPA) was founded under 
MacDonell’s guidance, followed by the Scientific Working Group of Bloodstain Pattern 
Analysis (SWGSTAIN) in 2002. These organizations began to set qualifications for 
analysts, research collaborations, and training programs for the field. 
 
2.3 The Science of Bloodstain Pattern Analysis 
This section provides an overview of the science involved with Bloodstain Pattern 
Analysis. The physics of blood being shed involves the blood as it is in the air, as it 
approaches a surface, and the geometries associated with the stain created on the surface. 






controlled, laboratory environment, including the research’s set up and what is needed for 
blood substitutes. 
 
2.3.1 Once Blood Is Shed 
The entirety of Bloodstain Pattern Analysis hinges on the concept that blood is a 
unique substance. If a droplet of blood were to go into free-fall, instead of it turning into 
a teardrop shape like water tends to do, being four times as viscous as water and high 
surface tension, it will naturally change into more of a sphere (James, 2005). 
The flight pattern and “life cycle” of the blood droplet can be thought of as a few 
different shapes, which will be expanded upon in sections 2.3.1.1 – 2.3.1.3. When the 
droplet moves through the air, it approximates a sphere and when the drop approaches 
impact, the flight of the sphere traces out a cylinder-like shape of where it has been. 
When the blood makes contact and eventually stops, the shape (when dealing with a flat 
surface) approximates an ellipse, which can be further deconstructed into a triangle or 
series of triangles to simplify trigonometric formulas.   
2.3.1.1 In the air 
Although blood will eventually turn into a spherical shape, there is a slight time 
once the blood is shed where it has some deformities. These deformities are caused by the 
oscillations of the contents of the blood drop, however blood has a fairly quick damping 
time. Considering blood being four times as viscous as water, the damping of blood will 
occur four times as quickly as water (James, 2005). Raymond discovered that these 






amplitude, however would dampen within .05 seconds (1996). The following Figure 2.1. 




Using basic the basic kinematic physics equation for fall distance: 
 
with “g” being gravitational acceleration (9.81 m/s2 or 32 ft/s2) and the initial velocity is 
zero (being a passive blood drop), inserting a time (t) of .05 seconds shows that the 
damping will not be a factor after around half an inch or 1.2 cm. Therefore, as long as 
blood is being dropped at a reasonable height over an inch, the blood drop will 
approximate a sphere without needing to take oscillations into account, as seen in the 
high-speed photograph of Figure 2.2. (James, 2005). 







Figure 2.2. High-speed photograph of blood drop at drop time. 
 
Blood droplets in flight are influenced by two factors: the force of gravity and the 
air resistance (Carter, 1991). No matter how far the drop falls (even approaching terminal 
velocity of 25.1 ± .5 ft/s for a .05 mL drop), a single blood droplet will not split into 
multiple drops by just going through the air; it must make contact with some other 
external force (MacDonell, 1971). In addition, Carter’s (1991) study found that if gravity 
were the only force acting on the droplet, or if the air resistance could be neglected, then 
the path of the droplet would approximate a parabola. However, in most instances, the 
blood stains of interest result from droplets in the microliter range, and the air resistance 
cannot be neglected. The shape of the path for such droplets can deviate substantially 
from a simple parabola (p. 174). 
Therefore, with air resistance being fairly unstable to accurately calculate, one 
cannot always, if ever, determine the exact flight path of a blood drop prior to it making 
impact with the surface. Hence, the angle of incidence must be used in a way that 
eliminates impossible trajectories along with using the mathematics from the other 






not show the full path of a blood drop, will show the upper bound of such path. Using this 
from multiple stains will allow an approximate area of origin, with error being roughly 
the size of a basketball (MacDonell, 1971). 
2.3.1.2 Approaching the surface 
 By studying the angle of incidence of a bloodstain, an investigator is trying to 
determine the angle the blood drop was approaching the surface the brief moment before 
it hit the plane, and as stated will be the upper bound to the drop path. In Figure 2.3., 
Sutton shows the upper bound with a “Projected String”, which is a popular method 
explained in Section 2.4.1 (1994). 
 
Figure 2.3. Diagram of angle of impact. 
2.3.1.3 On the surface 
When the drop hits a surface, the droplet collapses, its contents are displaced and 
dispersed, and then retraction occurs from the natural pull of the high surface tension 
(Bevel, 2002). This bloodstain width and length can then be measured and the impact 
angle can be extracted from the data, which will give insight to where the blood was 






As stated earlier, the bloodstain when it makes contact with the plane will create 
an elliptical shape. This shape, depending on the severity of the angle of incidence may 
have a “tail”, which can obscure the ellipse, but shows the direction the droplet was 
travelling. See Figure 2.4. for a diagram showing the elliptical shape the investigator tries 
to estimate, including the tail and directionality of the stain (Maloney, 2005).  
 
Figure 2.4. Bloodstain diagram of a planar impact. 
 
Once an examiner measures the length and width of the ellipse inside the stain, 
they can divide the width by the length, obtaining a number less than one. Taking the 
arcsine of this number will give the angle in which the droplet approaching the surface, 
just before it had hit (Chafe, 2003). This equation can be expressed as such: 






A detailed mathematical proof of why this formula is valid can be found in the appendix, 
however noting the box from Figure 2.5., given the known length and width of the stain, 
the angle of incidence is found using the sine trigonometric relationship (Sutton, 1994). 
 
Figure 2.5. Side view of trigonometric relationship. 
 
Do also take note from Figure 2.5., that when approaching the surface, the sphere 
“carves out” a cylindrical shape through space as it moves toward the surface. This is the 
basis for the mathematical model of a cylindrical drop path, which is the researcher’s 
theory that the space carved by blood approximates a cylinder, with the angle of 
incidence being the angle in which the cylinder makes contact with the stained surface. 







2.3.2 Laboratory Setting 
This section introduces the strategies of studying bloodstains in the constrained, 
laboratory environment. These strategies include isolating select variables, how 
researchers make passive bloodstain samples, and what kinds of blood can be used to 
approximate human blood. 
2.3.2.1 Passive drops onto angled platform 
In a lab setting, researchers try to recreate crime scenes as to be able to isolate 
variables, test different theories, and learn more about the field without the need of 
witnessing bloodshed at a scene as it happens. Multiple methods have been used to 
accomplish this, yet a single method is widely used to accumulate such samples.  
 At a crime scene, blood will exit a body or off an object and hit a surface at a 
certain angle. Rather than eject a blood drop at a certain angle to hit a level, flat surface, 
researchers rather drop blood from a height onto an angled surface. This is akin to blood 
hitting at various angles, and simplifies the procedure, allowing the researcher to isolate 
certain variables, such as height, volume, and velocity and eliminates the need to consider 
parabolic arcs. As stated previously, as long as the angled target surface is over an inch 
apart from the drop point, oscillations in the drop do not need to be considered, as the 
drop will approximate a sphere. 
To accumulate samples, various surfaces are studied, however white cardboard or 
cardstock is used as the target surface for most studies, as this surface does not distort the 






2.3.2.2 Human blood substitute 
 Also in the lab, human blood is generally the fluid being analyzed, however this 
serum can contain many hazards such as HIV, hepatitis B, and other blood-borne 
pathogens, and hence tends to be avoided if possible. Even bovine blood has various 
blood-borne pathogens to be aware of, such as Brucelosis, Leptospirosis, Rabies, and 
Bovine Leukosis. However, each of these do not survive long outside of their host 
environment, and are relatively safe (Christman, 1996). This, along with cost and 
availability are reasons why human blood substitutes are being researched. 
Many researchers like to use human blood substitutes when human blood is hard 
to find or is unnecessary. Swine, lamb, equine, and bovine blood have all been used in 
Bloodstain Pattern Analysis testing, although each fluctuate along the hematocrit chart, 
which is shown in Table 2.1. (Christman, 1996). There has been much debate over the 
issue of keeping the normal hematocrit value while doing research, along with other 
blood properties, which can sometimes bring these substitutes into question. However, 
with all of these bloods, including synthetic substitutes (2/3 saline, 1/3 glycerine) and 
even ink, they all compare well with human blood in a study pitting these substances 
against each other in basic experimentation (Christman, 1996; van Netten, 1997). In 
addition, if these bloods need to be stored for an extended period, anticoagulants such as 
Heparin can be mixed into the serums to better preserve them. This also will not affect 
the ability to use them during research. However, if clots form, a gentle agitation can be 
applied to help make it less dilute, making sure not to be too harsh, which could damage 
the cells (James, 2005; MacDonell, 1971). As seen in Table 2.1, the hematocrit value of 






the researcher will be using in this experiment, this will not fluctuate data in a significant 
way (Christman, 1996). 
 
Table 2.1. Normal Hematocrit Percentages 
 
Human Male 42-50 






2.4 Strategies at the Crime Scene 
 According to Pizzola, “of all the types of evidence that may be present at a crime 
scene, blood is probably one of the most common” (1986b, p. 36). Studying the 
geometries and calculating the angle of incidence of the stains, along with observing the 
surrounding environment and other stains, an investigator can gather many useful 
conclusions to what happened at the scene of a crime. MacDonell states that: 
 distance between target surface and origin at the time blood was shed 
 point(s) of origin(s) of blood 
  type and direction of impact that produced bloodstains 
  movement and directionality of persons and/or objects while they were shedding 
blood 






 movement of victim and/or objects following bloodshed 
are all things investigators can learn from the blood at a scene, helping to piece together 
the clues to what actually happened (1971, pg 9). 
If one is familiar with fire investigations, one can think of a crime scene involving 
blood evidence as a reverse arson scene: with arson, normally the investigator looks for 
the most damage, and that is the source. With blood, normally the source is where there is 
the least amount of blood, and it continues to grow throughout the scene (Bevel, 2002).  
Once the data has been collected from the stains, there are various ways to help 
visualize the scene using this data. 
 
2.4.1 String method 
Once the angle of incidence has been determined for multiple stains, investigators 
have used the “string method” for many years to help visualize the crime scene. With this 
method, investigators pin a string to the bloodstain, and run a string at the angle found 
from the major axis (Wonder, 2007). Figure 2.6. depicts the final outcome of the string 
method on a set of stains (Slemko, 2012). This shows the approximate flight path, or at 
least the upper bound. Doing this multiple times for different stains can give an area of 
origin of the blood. If this method uses the strings as an absolute area of origin, rather 
than just the upper bound, researchers have seen measurements be overestimated by an 
average of 50% for certain controlled experiments (Behrooz et al., 2011). 
This method is time consuming and generally needs more than one person to set 
up. Some investigators use this method due to it being a very physical method, while 







Figure 2.6. String method scenario. 
 
2.4.2 Tangent method 
Another method, quite like the string method, involves using simple mathematics 
to make the process a little easier and is currently used by the Swedish National Police. 
The process involves first finding the point of convergence in two dimensions, such as on 
the floor using major axes, rather than extending the string at the calculated angle. Then, 
the investigator extends a pole from this point at an orthogonal angle. The investigator 
then calculates the degree from one or more of the bloodstains and take the tangent of 
that angle. He or she will then multiply this result by the distance the rod is away from 
the stain, which will give the height of the area of origin (MacDonell, 1996). 
 
2.4.3 Digital method 
 There are various computer programs where one can take pictures and 
measurements of the scene, and upload them into an applet. The program will then give 






(Carter, 2001). Programs like “Backtrack/Strings”, “Tracks”, “No More Strings”, etc. will 
do this type of data analysis and plotting; however, they may be complicated, not 
researched, or expensive (MacDonell, 1996).  
The program “No More Strings” relies on the length and width being input by the 
investigator by hand. This program works well coupled with other investigative 
techniques in order to visualize the scene in a digital environment (Nickell, 2013). 
Backtrack will help model the trajectories in a digital environment, either with direct 
input from the investigator, or coupled with data found from “Backtrack/Images”. 
Backtrack/Images accelerates the data analysis procedure by analyzing individual 
bloodstain photographs, and places an ellipse onto them with a computer algorithm. The 
software suite together can then use all data points to reconstruct approximately where 
the victim was injured. “Tracks” offers the same features as Backtrack, although it is used 
primarily for vertical surfaces, and is included in the Backtracks suite (Carter, 2010). 
Although this program is excellent for accuracy, due to computer algorithms taking out 
human error, every drop that the investigator wants to analyze must be measured from a 
set point in the area, photographed individually, and then uploaded to the program. 
Even with these types of tools being available, certain agencies may not have the 
money to train their investigators how to use them effectively, or have the time to learn 
the intricacies of each technique. Most of the data collection is not nearly as documented 
as it should be: the analysis is severely limited by how the data is collected and to what 
extent (Bevel, 2002). The goal of this research is to develop the mathematics that will 
affirm this type of technology, one that will allow for an easier flow chart, systematic 






accessible. Not only will collection become easier, more accurate and precise, but also 
the analyzing tools will be even more natural to use for people with less on-scene 
experience or advanced training.  
 
2.5 Improvements for the Field 
As with any field there are always areas where it can grow and be improved upon. 
SWGSTAIN, or the Scientific Working Group on Bloodstain Pattern Analysis, published 
a paper dictating the current research needs for the field, and various other authors write 
about the areas of growth within the agencies themselves, not just the science. This 
section will expand upon these needs. 
 
2.5.1 Current Research Needs 
As noted previously, SWGSTAIN was founded by the FBI Academy in 2002 to 
“promote and enhance the development of quality forensic bloodstain pattern practices” 
(SWGSTAIN, 2008b). This group, along with the International Association of Bloodstain 
Pattern Analysts, are considered to be the leading authorities in the subject, and 
continually strive to advance the field.  
In 2011, SWGSTAIN published “Current Research Needs for Bloodstain Pattern 
Analysis.” In this paper, SWGSTAIN called for twelve areas for improving the field, 
with notable research opportunities dealing with difficult surfaces, automated methods, 






2.5.1.1 Difficult Surfaces 
For the first area of improvement, SWGSTAIN calls for “research to develop new 
methods to assist with the visualization of bloodstains on difficult surfaces,” focusing on 
research to “develop and validate specialized techniques to locate, enhance and record 
bloodstains”. Although this is a broad need that encompasses irregular or porous surfaces, 
a need for a procedure to help visualize, identify, and record stains on an array of 
surfaces, including non-planar surfaces is needed. Alongside, instead of having multiple, 
specialized techniques for various surfaces, a singular method for multiple types of 
surfaces would be ideal. 
2.5.1.2 Automated Methods 
SWGSTAIN also calls for “research to develop new automated methods to record 
bloodstain patterns at crime scenes”. This “research is needed to implement new 
technologies and methods that would minimize subjectivity and maximize the amount of 
data that can be collected”, which would help eliminate latent biases and make data 
collection more organized, efficient, and easier, lowering human error. 
2.5.1.3 Computer Modeling 
Yet another area for improvement, SGWSTAIN calls for more “research to 
develop quantitative computer models for bloodstain pattern reconstruction”. This 
“research is required to assess current numerical models and develop new quantitative 
computer models for bloodstain pattern reconstruction”. With a new procedure that is 
based on collecting data from a scene using new technology, one may be able to integrate 






2.5.1.4 Presenting in a Legal Environment 
Lastly, SWGSTAIN calls for “research to improve methods for presenting 
bloodstain pattern evidence within the legal environment”, which “could include the use 
of visual aids to illustrate evidence, statistical techniques for the expression of likelihood 
and novel communication techniques.” With a data collection procedure based less on 
raw data and formulas, it is easier to convey how the theory works without explaining 
trigonometric relationships to a jury that may not be familiar with these techniques. A 
procedure that is more visual, rather than conceptual, would be a better way to 
communicate what happened at a crime scene and how the investigator knew this. 
 
2.5.2 Areas for Growth within Agencies 
Although forensic science, including bloodstain pattern analysis, has come a long 
way in the past few decades, there are still multiple areas for growth within the agencies 
themselves. The difficulty of current methods, the cost for a forensic team, and the 
backlogs of current cases are all areas in which agencies have the opportunity for 
improving forensic science. 
2.5.2.1 Difficulty 
Bloodstain pattern analysis hinges on a few basic formulas, yet collecting specific 
measurements can be very difficult and requires a dedicated investigator to accumulate 
the data without large error or destroying evidence. As Gross stated in 1908, this 
evidence is very fragile and can easily be damaged if the proper precautions are not 






poorly documented, or goes unrecognized as potential evidence due to lack of knowledge 
and training by the initial investigators and crime scene personnel” (Hickman et al., 
2004). 
Most smaller agencies when they encounter bloodstains at a crime scene, if 
deemed important enough, will document the scene as well as the investigators can, and 
will send the documentation to an outside agency for further analysis. The problem with 
this, however, is that many times the scene is not documented as fully as needed for any 
expert to make a definite conclusion or agencies do not have the training or tools 
necessary. The quality of the conclusions from these outside experts “are dependent on 
good crime scene documentation, collection of relevant evidence such as blood swabs, 
“mapping” of bloodstain patterns with scales, 90-degree photography, and other ancillary 
documentation. Without proper bloodstain pattern training of crime scene personnel in 
the recognition and documentation of bloodstain patterns at crime scenes, even the most 
experienced bloodstain pattern practitioner cannot provide a useful analysis” 
(International Assoc for Identification, United States of America, American Soc of Crime 
Laboratory Directors, & United States of America, 2004). 
Even for experts that have the proper training and tools, the standard error rate for 
estimating impact angles is plus or minus seven degrees (Bevel, 2002).  However, in one 
project by Laturnus (1991), he surveyed 47 International Association of Bloodstain 
Pattern Analysis members, with 27 replies, asking them to analyze a pamphlet of 10 
drops, giving major and minor axis measurements and the resulting angle. The research 
showed that they were all very consistent with measuring the minor axis, no matter what 






respondents measured from the tip of the drop to the tail, rather than to the bottom of the 
ellipse, giving a very wrong answer to the problem. Many achieved around 10% 
accuracy. 
Although this was just one specific survey, if this type of error was found in a 
real-world situation, there could be problems of the guilty escaping prosecution and 
innocent people being wrongly punished. Although there are no absolute rules when 
finding the ellipse in a bloodstain, there are many ways that it could be solved, outside of 
relying on an examiner’s intuition. Proper training or having the proper systematic 
process would help eliminate these errors.  
2.5.2.2 Budget 
Another item that holds back true findings for bloodstain pattern analysis, and 
forensics as a whole, is the budget for these fields within law enforcement agencies.  
“The forensic community urges more personnel and better equipment and training 
for those who process and collect evidence from crime scenes. Most crime scene 
processing is done outside the crime laboratory by sworn law enforcement 
officers rather than specialized crime scene investigation units or evidence 
technicians. Equipment such as digital cameras, laser survey/mapping equipment 
for diagramming crime scenes, vehicles, and alternate light sources are tools not 
readily affordable by many agencies, but would ensure the integrity of evidence” 
(Hickman et al., 2004). 
Although these supplies and training are needed, “units serving city (or city-






($40,600) for equipment and supplies” (Childs, 2009). Also, these smaller agencies are 
responsible for much more investigation per dollar in their internal budget. “While the 
forensic service units that serve cities have little money for equipment and supplies 
compared to units with county or state jurisdictions, the units with city jurisdiction have 
nearly as many cases per FTE and almost double the number of cases per $1,000 of 
budget” (Childs, 2009). Especially for smaller agencies, a lower-cost, more fluid 
documentation procedure and tools would be helpful in fostering better forensic 
investigations. 
2.5.2.3 Backlogs 
Alongside budget constraints, the related problem of backlogs are holding many 
agencies behind in seeking a stronger investigative strategy. Backlogs result “when the 
demand for service exceeds a service provider’s capacity to analyze the submitted 
evidence” (IAI, 2004).  In 2009, Childs surveyed all of the law enforcement departments 
in the United States and found that the average backlog of cases for state agencies was an 
average of approximately four months behind in casework, with smaller agencies being 











Table 2.2. 2006 Survey of Backlogged Cases 
 Backlog as a percent of cases Backlog in Weeks 
City, Town or Village 12.3% 6.4 
County 7.3% 3.8 
State 31.2% 16.2 
(Childs, 2009) 
“Unfortunately, many laboratories are confronted with budgets that are 
insufficient to meet caseload demands and at the same time support participation in 
accreditation and certification programs” (IAI, 2004). Easy to use and accurate tools 
would help with these backlogged cases and budgetary concerns such as training and 
time costs. 
 
2.6 Cylindrical Capture Method 
The Cylindrical Capture Method is a procedure that the researcher has been developing 
and testing for the multiple years in an attempt to create a simplified data collection 
process and universal equation for when blood hits planar or even non-planar surfaces. 
Instead of using intricate mathematical formulas, this method takes advantage of the 
cylindrical drop path model of how a spherical object in free-fall will “carve” out a 
cylinder-like shape in space of where it has been (Note Fig 2.5.). In the case of blood 
hitting a planar surface, the cylinder intersects the plane, creating a cylindrical section of 
an ellipse, or a special type of ellipse – the circle; see Figure 2.6. (Hilbert and Cohn-






either a line, parallel lines, or nothing at all, however these cases are trivial due to them 
not leaving behind evidence. 
 
Figure 2.7. Cylindrical Sections 
 
This process is mathematically the same as using a caliper to collect width and 
height measurements, but allows for more than two variables to be analyzed for each 
stain, by matching the arc of the ellipse rather than just the length and width values. This 
thesis involves studying the elliptical shape left by the blood, and trying to recreate this 
cylindrical path. The Cylindrical Capture Method takes the ellipse, and then finds the 
semi-unique projection such that when a plane intersects the projection orthogonally, the 
intersection forms a perfect circle. Note that this is a semi-unique solution, as there is a 
secondary angle that is the negative, however with bloodstain pattern analysis, the 
investigator knows the direction of travel, due to the tail of the stain. A visualization of 
this projection from a circle to an ellipse can be seen in Figure 2.7. (Schrantz, 2004). The 
cylinder that is mentioned in this process comes from the orthogonal ray projections from 







Figure 2.8. Projection of Circle onto Angled Plane. 
 
Once the projection of the stain on the plane forms as close to a perfect circle as 
possible, the angle of the plane is recorded. The angle of this plane versus the plane of 
impact will give the angle of incidence. This method can be achieved in a physical setting 
by taking a photograph of the bloodstain at a certain angle such that the stain forms a 
circle on the flat screen. The angle of the camera with respect to the plane of incidence 
will give the angle of incidence, along with show an intuitive projection from where the 
blood droplet came from. Below are Figures 2.8. and 2.9. depicting the scene of a camera 
photographing a circle from different angles, which creates an ellipse from the camera’s 








Figure 2.9. Change in Circle from Above. 
 
 
Figure 2.10. Change in Circle from the Side. 
 
The Cylindrical Capture Method uses this idea to change an ellipse into a circle, 






gives the angle in which the cylinder makes contact with the surface, which gives the 
investigator the blood drop’s angle of impact. This method has the opportunity to be used 
in multiple capacities such as if the blood drop were to ever hit a non-planar surface like 
another cylinder or a corner. Instead of using intricate mathematical formulas, this may 
become a very general and practical way to analyze crime scenes. 
 
2.7 Summary 
This chapter has helped introduce the basics of Bloodstain Pattern Analysis, and 
discussed the unique substance of blood, the physical geometries of a blood drop falling 
from the air onto a flat surface, the different crime scene methods for finding an area of 
origin, the reasons why they should be considered, and offers a method that could help 
these limitations of current forensic science. This will help build a foundation for the next 
few chapters, including further analysis on the Cylindrical Capture Method. The 
researcher hopes to fill in the gaps where no other scholars, researchers, or analysts have 










CHAPTER 3. METHODOLOGY 
This chapter covers the research framework, sample set, testing methodology, data 
sources, and the data analysis used in this thesis. 
 
3.1 Research framework 
This thesis offers a quantitative study on the “Cylindrical Capture Method” 
abbreviated “CCM” to determine the error rate and feasibility of this procedure in 
Bloodstain Pattern Analysis. This research model has a few key independent variables: 
 True angle of platform with respect to the horizon 
o Longitude  
o Latitude 
 Height the blood is dropped 
 Volume of the blood droplet 
 Conditions of the blood being used, such as Weber number, Reynolds Number, 
hematocrit value, temperature, etc. 
The main hypotheses tested were: 
H1: Methods do not vary in accuracy across trials. 







Within the research of Bloodstain Pattern Analysis, the standard error rate for 
estimating impact angles is plus or minus seven degrees (Bevel, 2002). After the 
experiment, Linear Regression Models and (2x3) Factorial Repeated Measures ANOVAs 
were ran to be sure that the CCM and caliper method tested under a five-degree error, 
although the seven-degree error is the standard error in Bloodstain Pattern Analysis. This 
standard was set to better guarantee that the CCM holds just as much scientific merit as, 
if not better than, previous methods. 
 
3.2 Sample Set 
 The sample set included 187 110-lb. weight cardstock cards with bovine blood 
dropped 18 inches onto them at various randomized angles between 0 and 75 degrees. 
This randomization occurred with a pseudo-random number generator, the “Rand(0,75)” 
function of a TI-89 Titanium™ graphing calculator. See Figure 3.1. for a few examples 







Figure 3.1. Example test samples. 
 
The blood, once warmed to approximately room temperature, was dropped by a 
titration unit onto a configurable platform, as to minimize shaking of the drop upon 
release. This apparatus is pictured in Figure 3.2. The degree of the platform was 
determined by the internal MEMS gyroscope (gyrometer) of the iPad 2™ and double-
checked with protractors and supplementing iPod Touch™ device. This setup was 







Figure 3.2. Bloodstain sample collection 
 
The iPad 2™ and iPod Touch™ were used due to availability, funding, and all 
needed tools being located on these devices, rather than constructing new equipment or 
buying unnecessary equivalents. The gyrometers were calibrated before each experiment 
by zeroing them on a level surface and were tested to be accurate within the whole degree 
it displayed at various angles (30, 45, 60, and 90). Three additional cards were created, 
but they were excluded from the study due to abnormalities, such as double-drops onto 
the card, air-bubbles and small clots that obstructed measurement. 
Each card was labeled on the back of the card with an alphabetic naming system 
AA-HU, with some cards excluded (either due to abnormalities, or separate days). Cards 
ranging from AZ-BH were from the first day of collection, and the remaining set was 
from the second. Procedures were the same between each day, and no change of 
conditions were apparent. The data between the two days do not vary significantly with 






were recorded on a master sheet along with the angle of incidence for each sample. When 
the collection was completed, this sheet was not looked at again until after the data 
collection methods were completed as well. In addition, angles were randomized 
throughout the experiment (using a calculator “rand(0,75)” function) along with 
randomizing the cards themselves, to give a much more blind experimental process. A 
fully blind study would not have been practical, as there was only one researcher 
available for this research. For each sample, once the blood hits the target, it was allowed 
to settle for 20 seconds, and then was carefully transported to a level, flat, clean surface 
to dry. If this was a different type of research involving stains inside of the ellipse, or 
counting the number of spines, one may want to keep the bloodstain at the desired angle 
until completely dry, however for this research, 20 seconds allowed the outer 
circumference to fully take shape. This process was completed for all cards. Waiting 24 
hours, the bloodstains were completely dry and were collected.  
 
3.3 Testing methodology 
After the samples were collected, the researcher waited four weeks to gather data 
as to put time between sample collection and data recovery, to try to avoid remembering 
any stain in particular.  
 
3.3.1 Lens aberration test 
With any device that uses a lens, colors can shift causing an aberration in the 
image (Marimont, 1994). The iPad 2™, along with any other electronic device that uses a 






skewing effect caused from lenses naturally being rounded. The researcher needed to be 
aware of how the image was stretched and skewed during the process of the image being 
created from the physical scene to the image being generated into a readable format.  
Testing the lens aberration of the iPad 2™’s default lens without zoom, the 
researcher photographed a grid at approximately six inches away from the paper (the 
approximate length away bloodstains will be from the device during collection), using the 
same default camera application on the iPad™ that was used in the data collection of this 
experiment. During this process, the iPad™ was determined parallel to the sheet, as 
measured with the same internal gyrometer used to measure the degrees in data collection 
and supplementing iPod Touch™ device. Note that the photo taken, shown in Figure 3.2., 
does not appear have significant skewing of the parallel lines. Quickly testing in Adobe 
Photoshop CS2 with straight line tools, the lines are indeed straight. Most importantly, 
the middle of the collected image, which will be used for all of the tests, has no 







Figure 3.3. Lens aberration test. 
 
3.3.2 Cylindrical Capture Method Testing 
After the time passed, the researcher began analyzing the stains with the 
Cylindrical Capture Method. To use the CCM, the iPad™’s photo application was 
launched, and a circle was physically attached to the center of the screen. See Figure 3.3. 








Figure 3.4. iPad 2™ CCM collection without level. 
 
For this test, the cards were placed on the same level surface. The researcher then 
matched the circle on the screen of the iPad™ to the ellipse created from the bloodstain. 
If the blood has a tail or a trail-off, the top of the bloodstain was the priority to be 
matched, as the tail can mislead data collection. Matching the circle on the screen to the 
projected circle of the stain directly applies the concept of the Cylindrical Capture 
Method discussed in Section 2.4.4.  
In order to best match the physical circle to the stain, the researcher moved the 
iPad™ closer or further away from the stain along with tilting the device in order to find 
the best approximation. Once the stain was matched, the researcher took note of the angle 
displayed by the iPad™ and supplementing iPod Touch™. Until a formal application is 
developed, the researcher took note of this degree by physically attaching an iPod 
Touch™ device to the screen to mirror the application being used. This method was 






gyrometer application. This method was tested with the process described above, using 
protractors on a level surface. To make sure that this method was sound, the two devices 
attached together were also tested to display the correct viewing angle as above.  This 
method was tested to be accurate by viewing elliptical stains of known degree of 
incidence through the device, matching the physical circle to the circle seen on the 
screen, and comparing the degree found with the known degree. Before each phase of 
testing, the device was tested with a zero degree, 30 degree and 45 degree known sample 
to be sure nothing had changed.  
Starting data collection, all 187 samples were randomized once again by carefully 
shuffling the samples. The researcher selected the top card and placed it on a flat, level 
surface. This surface was first tested to be level, the gyrometers were calibrated to the 
table, and the gyrometers were tested to make sure they displayed the same degree of tilt. 
The researcher then performed the Cylindrical Capture Method on the sample, recorded 
the data and then proceeded to the next card. Once this process was complete, the cards 
were re-randomized and set in a dry, flat area for one week. After the week was over, the 
cards were re-randomized and all tests were run again. After, the same process was 
performed once again for a total of three different CCM tests of 187 samples. Each of 
these data collection phases were recorded into a different excel sheet as to be as blind to 
the results as possible. 
 
3.3.3 Caliper method testing 
The researcher randomized the samples and then measured the height and width 






trials during the iPad™ testing portion (see section 3.3.2), all cards were measured and 
recorded blindly three different times, spaced weeks apart, giving 561 calculated angles 
for 187 samples across the three trials. For these tests, the researcher used a digital caliper 
(Bear Motion Stainless) that was accurate within .01 mm, and was tested as such. After 
prolonged periods of use, the caliper could shift by .01, and thus was zeroed after each 
sample. The width of the bloodstain’s ellipse was measured first, then the height. If the 
ellipse has a tail that obstructs the ellipse, the height can be determined by measuring 
from the widest portion of the ellipse to the tip of the stain and doubling the result 
(MacDonell, 1996). Even with this method, larger angles may have the most error due to 
not having the full ellipse. After these two lengths were collected, the arcsine of the 
quotient determines the caliper method’s estimation for the angle of incidence with 
respect to the surface, as seen in the equation expressed in Section 2.3.3. As with the 
other method, the data for each stain was collected, then the card was turned over to 
determine the card’s alphabetical code. The results were recorded into separate excel 
spreadsheets for each replication.  
After the experiment was finished, all data was combined into a single sheet in 











CHAPTER 4. EXPERIMENT RESULTS 
4.1 Data sources 
For this experiment, we have two independent variables, the type of tool (CCM or 
Caliper), and the trial number. The main dependent variable under observation is the 
calculated angle determined by the tool’s analysis of each stain. Although there are 
various other variables, they are either kept constant, or are non-consequential such as: 
 Major and minor axis length of bloodstain (used in Caliper equation) 
 Angle of capturing device when bloodstain forms a circular projection with 
respect to the horizon 
o Longitude 
o Latitude  
 Blood-drop variables prior to sample collection 
o Volume: kept under .05 mL and as constant as possible within a single 
drop 
o Speed of drop of the blood (influenced by height, which was kept at a 
constant 18 inches, thus approximately 3 m/s at impact) 
o Fluid dynamic forces such as the Weber and Reynolds number – was not 







4.2 Data analysis 
 For this experiment, multiple statistical processes were performed on the collected 
data. For a simplified listing of all data collected and full results of these tests, see both 
SPSS report sections in the Appendix. The 187 samples were tested against two different 
tools, the caliper method and the CCM. Each tool measured the same stain three different 
times during the trials. This repetition helped determine the reliability, repeatability, and 
precision of each method. Overall, the main focus was to compare the tool under test, the 
CCM, versus the industry standard, the caliper method. A full listing of the raw data 
derived from this testing can be found in the “Raw Data” section of the Appendix. 
 The best statistical model for this data structure is a generalized linear model, 
(2x3) Factorial Repeated Measures ANOVA. All tests used the program “IBM SPSS 
Statistics v22” to aid in the statistical analysis. The only exception is the linear model, 
which also used Microsoft Excel 2013 to generate the proper graph.  
To determine how well the data relates to other data in the set, analysis of 
variance (ANOVA) tests were run. An ANOVA is a “mathematical process for 
separating the variability of a group of observations into assignable causes and 
[generates] various significance tests” (NIST). Note that the ANOVA tests do not show 
how well these tests matched the true angle, but rather how well the variances matched 
other variances in the set. ANOVA tests are very useful in this sense, however the tests 
are sensitive to outliers. To combat this, various outliers were taken out of the final data, 
due to either one or more data point being approximately three standard deviations past 






removed from all analysis were sample numbers 4, 7, 8, 21, 22, 25, 43, 45, 51, 60, and 63 
of the 187 samples, leaving 176 valid samples for testing. 
 To test the accuracy of each method, one must compare the differences of the 
calculated angle of the tool and the known value of the stain. Hence, unless otherwise 
stated, the points themselves were not used for statistical testing, but rather the accuracy 
data (the calculated angle minus the true angle). The closer an accuracy data point is to 
zero, the better that tool predicted the angle of incidence. Calculating this accuracy data 
allows all data points to be compared, even if the true angles for each are not the same or 
similar.  
There were three main groupings for the statistical tests:  
 Visual Testing 
 Relative Differences (where the values lie) 
 Absolute Differences (how “off” they are from the true value) 
 
4.2.1 Visual Testing 
 Starting analysis, one starts with a visual observation of the data at hand. These 
tests are used to visualize the data, quickly identify outliers, and provide a linear 
regression statistical analysis. 
Figure 4.1. is a linear regression model for all trials of the CCM and caliper data 
(y-axis) vs. the true angle (x-axis). The further away the points are from the x=y line 
(red), the more error occurred for that method. The black line is the linear regression best 






The caliper test results tend to lie slightly above the x=y line, which could 
indicate that the height was, on average, measured longer than necessary, which 
negatively influences the standard deviation. This is also seen with the best fit line 
(black) being just above, yet close to parallel with the x=y line (red). Assuming that this 
bit of error was constant for all caliper measurements, applying a best fit, the R2 values 
still hold true, with the caliper value (0.98) and the CCM value (0.98) being statistically 
the same. For the CCM, take note that there are a few outliers in this data set, yet the bulk 
of the data lies close to the x-y line (red), such that the line of best fit (black) is less than 













Figure 4.2. Best fit test – all trials of CCM tests 
 
 
The following graph also illustrates this point by showing the same data, but in a 
different format. This format shows the difference (accuracy) of the value calculated and 
the true angle, versus the true angle. Also, the various colors represent the different trials. 
One can see various outliers in the datasets and also note the same outcomes as above: 
the CCM was more centered around the true angle (zero) but spread, and the caliper 








Figure 4.3. Accuracy points of CCM vs. true degree. 
 
Figure 4.4. Accuracy points of caliper vs. true degree 
 
4.2.2 Relative Accuracy 
 This test compares the relative differences of the calculated angles to the true 
values. Relative differences are defined as simply the measured value minus the true 






a positive value. Likewise, if it were less than true, the value would be negative. This will 
show how well the data grouped around themselves and the other tool’s values along with 
if the calculated values fall above or below the true value, rather than how accurate the 
tools were to the true value.  
 For this data set, note that the mean represents the “trueness” of the tools in 
respect to the true angle difference. Trueness is “the closeness of agreement between the 
average value from a large series of test results and an accepted reference value”, once 
known as “statistical bias” (ISO 5725-1). The standard deviation represents the precision 
of the tools. 
 
Table 4.1. Descriptive statistics – Relative differences of degree based on trial 
 Mean (Trueness) Std. Deviation 
Caliper Trial 1 3.94 3.05 
 Trial 2 3.99 3.01 
 Trial 3 3.85 3.04 
CCM Trial 1 1.34 3.63 
 Trial 2 .55 4.05 
 Trial 3 .24 3.76 
 
Table 4.2. Estimated marginal means of relative differences of degree 
   95% Confidence Interval 
 Mean Std. Error Lower Bound Upper Bound 
Caliper 3.926 .221 3.491 4.362 






Grand Mean 2.317 .157 2.009 2.625 
 
 Evaluating the descriptive statistics, the CCM had a better trueness factor, 
signifying that the mean results were closer to the true value than the Caliper’s mean 
results. However for this test, the caliper method had consistently better precision across 
all trials. On average, all tools and trials measured greater than the true value, giving a 
positive trueness value for every case, yet the Caliper even more-so.  
 One threat to the validity of an ANOVA test is the concept of “sphericity”. 
Sphericity is the “homogeneity of variances in a between-subjects ANOVA” and if 
violated could inflate the F-score of an ANOVA (Laerd, 2015; Huynh, 1978). Mauchly’s 
Test of Sphericity is a test included in SPSS that will test to see if the data has violated 
sphericity. If it the data does violate this, which happens often with large sample values, 
there are corrections that can be made to the F-Score to better approximate the data 
without sphericity being an issue. 
 Mauchly’s Test of Sphericity indicates that the data used violates the assumption 
of sphericity, χ2(2) = 40.6, p < .001, and therefore the degrees of freedom needed to be 
adjusted. As standard, since the Greenhouse-Geisser correction (ε = .901) is greater 
than .75, the Huynh-Feldt correction (ε = .908) is used (Laerd, 2015). This correction 
changes the degrees of freedom from 2 to 1.816.  
 The factorial repeated measures ANOVA, with a Huynh-Feldt correction of 
within-subjects effects and an alpha equal to .025, show that there was a significant 
effect based on the trials, F(1.816) = 6.590, p = .002, and significant effect based on the 






significant difference between trials. Note that the results improved as the trials 
progressed. This can potentially be attributed to the researcher learning the tools and 
measuring more accurately over time. 
Most importantly, the ANOVA test of between-subjects effects show that there is 
a significant effect between the tools, regardless of trial, F(1) = 105.547, p < .001. The F 
value shows large significance in the difference between these two tools. These results 
suggest that these tools do not have significantly the same accuracies. (The trueness of 
each tool is significantly different). There was a significant difference in the tools’ 
performances on calculating the true angle (between-subjects effects). 
In summary, these results suggest that the precision of CCM was not as good as 
Caliper, but the trueness was better. Both methods generally calculated the angles to be 
larger than the true angle, and the caliper method did this even more than the CCM. If 
trueness were to be corrected with the caliper method, the tool would be even more 
robust, however this was not the case during this project over three separate trials. 
 
4.2.3 Absolute Differences 
This test compares the calculated values against the true value more soundly by 
taking each data point as the absolute difference between the two. For example, if one 
calculated angle was ten degrees more, and another ten degrees less, the two values are 
off by the same amount and this test takes this into account by saying they are the same 
positive value of “ten”. These tests will help show how accurate the tools are at 
measuring the true angle, rather than their positioning. The mean in these tests represent 






Table 4.3. Descriptive statistics – Absolute differences of degree based on trial 
 Mean  Std. Deviation 
Caliper Trial 1 4.28 2.68 
 Trial 2 4.28 2.56 
 Trial 3 4.24 2.46 
CCM Trial 1 3.05 2.38 
 Trial 2 3.13 2.45 
 Trial 3 2.89 2.26 
 
 
Table 4.4. Estimated marginal means of absolute differences of degree 
   95% Confidence Interval 
 Mean Std. Error Lower Bound Upper Bound 
Caliper 4.27 .151 3.97 4.57 
CCM 3.03 .151 2.73 3.32 
Grand Mean 3.65 .107 3.44 3.86 
 
 Inspecting the descriptive statistics, all CCM trials more accurately measured the 
true value versus any of the trials in the caliper method. The precision of these tests were 
also better than the caliper tests, which was a change from the relative difference study. 
This change is due to the higher trueness of the relative caliper data.  
However as in the relative differences tests, Mauchly’s Test of Sphericity 
indicates that the absolute differences data violates the assumption of sphericity, χ2(2) = 






since the Greenhouse-Geisser correction (ε = .949) is greater than .75, the Huynh-Feldt 
correction (ε = .957) is used. This correction changes the degrees of freedom from 2 to 
1.913.  
 The factorial repeated measures ANOVA, with a Huynh-Feldt correction of 
within-subjects effects and an alpha equal to .025, show that there was a significant effect 
based on the trials, F(1.913) = .581, p = .553, and significant effect based on the trials * 
tools, F(1.913) = .284, p = .743. These results suggest that there is not a significant 
difference between each trial. This shows that within each tool, there is stability over 
time.  
The ANOVA test of between-subjects effects show that there is a significant 
effect between the tools, regardless of trial, F(1) = 34.084, p < .001. The F value shows 
significance in the difference between these two tools. There was a significant difference 
in the tools’ performances on calculating the true angle.  
In summary, these results suggest that there was no significant difference between 
the trials when looking only at absolute differences of the data. However, there still was a 
significant difference between the tools, where the CCM method provided more accurate 












CHAPTER 5. DISCUSSION 
Note that the two null hypotheses being tested were: 
H1: Methods do not vary in accuracy across trials. 
H2: The CCM and the caliper methods do not vary significantly in calculating the 
true angle. 
For the first hypothesis, during the statistical tests, both tools deviated 
significantly between the trials for the relative differences study (Section 4.2.2). 
However, the accuracy generally improved as the trials progressed most likely due to user 
learning advantage, which could account for this deviance. During the absolute 
differences study (Section 4.2.3), there were no results to suggest that either tool varied 
significantly between trials. However, since the relative differences study showed that 
there was a deviance, the hypothesis of “methods do not vary in accuracy across trials” 
cannot be rejected until additional research is provided.  
The other hypothesis, “the CCM and the caliper methods do not vary significantly 
in calculating the true angle”, had different results. Both the absolute and relative 
differences studies found that there was a significant difference between tools’ 
accuracies. Therefore, we reject this hypothesis. Since the CCM scored better accuracies 






during this research, the CCM is more accurate than the caliper method at determining 
the true angle of incidence.  
Overall, the CCM data held strong with the linear model, and, statistically, is a 
good approximation for the true angle, given a statistically large pool of bloodstains. The 
CCM still passes the seven-degree and even the five-degree error test, based on the data 
from this experiment, however did not have the precision of the caliper test. From this 
research, the Cylindrical Capture Method did fit the true angles better than the caliper 
method, as seen with the linear approximation R2 values, and the overall accuracy of the 
tool. This success allows for the CCM to be used as a way to gather reliable data from a 
crime scene, if other experts can validate these results. 
 
5.1 Threats to validity and reliability 
As with any experiment, this research had a few threats to validity that must be 
considered. For external threats, researchers are currently debating a few issues in 
bloodstain pattern analysis, such as what kinds of blood substitutes really behave like 
blood. With the limitations of this research, the researcher was not able to explore all of 
the options such as type of human blood substitute and what kinds of anticoagulant, if 
any, should be used. Bovine blood at approximately room temperature, with added 
Heparin as an anticoagulant worked well for this experiment, but the true data from fresh, 
warm, human blood was not explored.  
For internal validity, the samples were placed on a rectangular piece of cardstock. 
This process will not work for every surface, especially irregular surfaces such as fabrics. 






researcher can predict from what direction (not angle) in which the drop came from, 
which does not apply at a crime scene. 
  Threats to test validity include the statistical testing. Although the tests show the 
given results, the meaning placed upon these results are not absolute, as with such a large 
sample size there is a possible inflation of F-values. 
 Reliability of this experiment include the tools that were used. All tools used 
worked for their intended purpose, and noted as such. The precision and accuracy was 
recorded when available, along with why the researcher chose the certain tools in which 
to work. If additional funding were made available for this project, better tools would 
have been available along with assistants to keep the experiments truly blind. In addition, 
the researcher would have been able to have experts in the field analyze the bloodstains 
using their own methods, such as the caliper method, show them how to use CCM and 
thus allowing the researcher to have very influential data. As it stands, the project was 
completed in the best way that it could have been with the available resources. 
 
5.2 Conclusions 
This thesis is an effort to make forensic science, and in particular, Bloodstain 
Pattern Analysis, more of a hard science. With this research, a new method entitled the 
“Cylindrical Capture Method” shows just how accurate and precise analyzing bloodstains 
can be, even for someone who is not familiar with the mathematics behind the field, the 
methods, or the most complex tools. This research analyzed 187 different bloodstains 
multiple times using the CCM and compared the results to the preferred tool: the digital 






seven degree error, and better than the five degree error set for this experiment, and 
provided better accuracy over the industry standard caliper method.  
There is much potential for the CCM in law enforcement, forensic investigation 
and in research. With it being an inexpensive and accurate system that requires less 
training to use, any law agency could potentially have this as a tool to help navigate a 
crime scene if there is a large population of data points. Other researchers will need to 
validate the results from this experiment with passive stains along with other patterns, 
however if others find that they receive comparable results, this tool could be eventually 












CHAPTER 6. FUTURE RESEARCH 
Ideally, the next research for this method includes having others test the CCM 
process and compare the results from this experiment to their preferred method of data 
collection. If the results validate the tool, a group of peers can eventually deem the 
process scientifically valid, and hence the CCM could be used outside of the lab and in 
the field itself. Eventually, if all progresses well, the researcher would like to develop a 
formal CCM application or tool that is simple enough to carry around at the scene, 
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AA 15 12 11 16 14.68 15.44 18.05172 
AB 6 4 5 6 15.05 15.82 17.9497 
AC 33 36 34 36 13.72 17.26 37.35405 
AD 51 55 56 57 11.16 20.52 57.05323 
AE 34 34 30 28 13.61 17.06 37.08208 
AF 50 49 55 52 11.74 21.25 56.46333 
AG 27 20 28 25 14.08 16.31 30.31379 
AH 0 10 2 6 12.55 12.93 13.92514 
AI 47 47 44 42 12.03 18.57 49.62263 
AJ 3 6 2 0 15.44 16.08 16.21943 
AK 24 28 18 21 13.68 15.99 31.18114 
AL 0 0 2 4 13.4 13.43 3.830374 
AM 8 13 4 0 15.58 16.15 15.26773 
AN 6 13 6 1 14.1 14.62 15.32715 
AO 40 43 44 44 12.68 18.1 45.52865 
AP 5 2 4 4 15.61 15.69 5.788364 
AQ 67 67 69 70 7.67 26.28 73.03084 
AR 12 13 13 7 15.54 16.39 18.53329 
AS 61 69 67 66 9.38 25.24 68.18368 
AT 0 4 4 9 14.14 14.39 10.69567 
AU 19 23 19 19 15.7 17.23 24.32809 
AV 12 20 9 13 14.03 15.03 21.01822 
AW 32 27 29 31 13 16.26 36.91686 
AX 37 35 26 31 13.37 16.83 37.39999 
AY 41 46 47 42 13.09 18.81 45.90051 
AZ 58 56 59 57 9.43 23.4 66.23468 
BA 19 31 16 16 14.47 16.33 27.61291 
BB 27 27 26 26 14.07 16.55 31.7719 
BC 55 56 56 56 10.53 22.93 62.66297 
BD 53 55 56 55 10.59 21.11 59.89025 
BE 46 48 45 46 12.25 20.66 53.63457 
BF 36 38 37 39 13.69 17.91 40.14836 







Table A.1. Continued. 
BH 29 32 19 30 13.59 16.52 34.65013 
CA 0 7 4 5 15.33 15.65 11.60642 
CB 30 35 34 32 13.87 16.78 34.25107 
CC 15 9 6 12 15.9 16.58 16.46628 
CD 7 6 3 5 15.77 16.03 10.33347 
CE 20 24 20 18 14.76 15.62 19.10114 
CF 0 0 6 1 15.88 16.14 10.2981 
CG 45 38 34 37 14.76 19.93 42.21812 
CH 0 0 3 1 15.19 15.59 13.00701 
CI 0 9 3 9 15.87 16.31 13.33884 
CJ 13 10 11 10 15.9 16.07 8.341377 
CK 15 5 12 11 13.72 13.88 8.708051 
CL 7 3 0 0 15.58 15.7 7.088518 
CM 30 31 35 35 15.52 18.6 33.44569 
CN 20 21 17 18 14.93 16.88 27.81257 
CO 45 43 46 40 12.98 19.17 47.38259 
CQ 0 6 2 6 14.28 14.88 16.32608 
CR 15 10 5 4 15.01 15.46 13.85793 
CS 35 28 32 36 14.68 18.49 37.4445 
CT 20 20 11 15 15.04 16.51 24.36122 
CU 20 29 19 24 14.46 16.18 26.65859 
CV 30 30 32 28 14.65 17.44 32.85746 
CW 0 6 6 1 15.32 15.53 9.43305 
CX 25 26 15 17 15.56 17.89 29.56928 
CY 53 55 57 55 10.1 18.51 56.93084 
CZ 35 38 35 30 15.25 19.66 39.13267 
DA 13 22 10 16 15.39 16.43 20.49526 
DB 0 7 3 1 15.13 15.62 14.38921 
DC 30 36 34 33 14.43 17.15 32.71181 
DD 10 12 5 0 15.27 15.6 11.80595 
DE 0 5 8 4 15.66 15.95 10.9425 
DF 20 27 22 25 14.08 16.04 28.62124 
DG 0 8 8 7 15.51 15.62 6.803755 
DH 30 35 33 33 15.55 18.2 31.30697 
DI 0 5 3 5 15.2 15.38 8.774456 
DJ 35 34 31 31 15.18 18.87 36.44268 
DL 45 43 42 42 13.49 18.73 43.92612 
DM 30 35 30 29 14.48 16.86 30.81369 
DN 35 42 39 34 14.86 18.89 38.12557 







Table A.1. Continued. 
DP 35 42 38 36 14.87 18.91 38.15369 
DQ 35 36 36 40 13.89 18.32 40.6953 
DR 7 8 4 10 15.19 15.23 4.153486 
DS 15 19 4 6 15.53 16.58 20.50025 
DT 25 29 25 23 14.9 16.52 25.58614 
DU 20 18 4 10 14.48 14.94 14.25483 
DV 45 43 46 45 13.51 19.75 46.83901 
DW 20 26 19 14 15.2 16.64 24.01182 
DX 30 34 33 34 14.28 16.63 30.83029 
DY 13 12 8 12 14.68 15.08 13.22609 
DZ 15 3 7 10 15.24 16.16 19.42643 
EA 25 31 30 26 14.84 17.11 29.85027 
EB 65 64 67 66 8.34 20.97 66.56484 
EC 25 27 30 25 15.35 17.02 25.59369 
ED 25 28 24 24 14.25 16.37 29.48381 
EE 25 44 24 19 14.82 16.1 23.00117 
EF 25 30 28 25 14.67 16.33 26.05842 
EG 35 39 36 35 14.1 18.21 39.2584 
EI 13 12 8 13 15.84 16.43 15.40115 
EJ 30 36 28 25 14.31 16.95 32.40857 
EK 25 28 28 23 15.48 17.9 30.13961 
EL 20 23 20 22 14.94 15.83 19.30404 
EM 10 4 4 8 14.76 15.22 14.12242 
EN 10 0 5 2 16.04 16.77 16.96761 
EO 30 26 32 31 15.26 18.7 35.3094 
EP 25 26 13 14 14.71 16.95 29.79064 
EQ 10 6 1 0 14.18 14.51 12.24299 
ER 7 10 2 12 14.12 14.88 18.39115 
ES 7 5 7 0 14.38 15.01 16.65898 
ET 7 8 4 2 16.18 16.52 11.64447 
EU 45 35 35 39 14.07 19.63 44.21237 
EV 45 45 40 38 14.16 19.97 44.84122 
EW 7 10 5 10 15.4 15.75 12.10149 
EX 7 20 6 3 16.19 16.7 14.19633 
EY 30 27 26 27 14.83 18.24 35.60517 
EZ 25 21 25 23 15.21 17.54 29.86964 
FA 44 50 44 45 11.43 16.58 46.41857 
FB 67 70 68 70 7.67 22.38 69.95752 
FC 67 71 69 68 7.77 22.37 69.67528 







Table A.1. Continued. 
FE 53 59 52 53 10.05 17.79 55.60298 
FF 75 73 75 74 6.2 25.99 76.19883 
FG 67 69 69 69 7.6 22.24 70.0179 
FH 44 49 50 46 11.19 16.31 46.67923 
FI 64 66 66 66 8.57 23.42 68.53538 
FJ 64 64 68 66 8.22 23.16 69.21132 
FK 67 69 70 69 8.03 22.19 68.78463 
FL 44 49 48 49 11.46 16.69 46.63538 
FM 67 69 69 68 7.55 21.71 69.64927 
FN 56 55 58 57 9.33 17.75 58.28908 
FO 61 65 65 64 8 19.75 66.10491 
FP 67 68 71 68 7.58 21.91 69.75955 
FQ 61 66 66 65 7.64 18.8 66.02218 
FR 66 68 69 69 7.28 23.35 71.83363 
FS 61 62 63 63 8.1 19.36 65.26712 
FT 67 68 69 69 7.89 22.75 69.70748 
FU 67 67 70 69 7.96 22.02 68.8083 
FV 75 77 76 76 5.99 28.31 77.78469 
FW 67 70 71 70 7.54 23.41 71.21096 
FX 56 53 56 56 9.25 18.62 60.21296 
FY 72 70 72 63 6.56 25.34 74.99643 
FZ 72 72 74 73 6.55 24.35 74.3956 
GA 65 66 66 67 7.73 21.93 69.3606 
GB 65 67 68 67 8.28 22.85 68.7546 
GC 44 37 47 46 10.62 16.21 49.06889 
GD 70 72 72 72 7.1 24.35 73.04736 
GE 75 75 76 74 6.05 27.32 77.20582 
GF 59 60 63 61 9.4 21.07 63.50422 
GG 64 67 68 67 8.24 21.76 67.74828 
GH 53 53 53 57 9.92 18.02 56.59872 
GI 59 59 62 63 9.35 20.28 62.54542 
GJ 53 56 57 58 9.05 17 57.83543 
GK 70 72 73 72 7.08 24.91 73.48758 
GL 58 59 62 62 9.04 19.53 62.42705 
GM 66 69 68 70 7.75 24.06 71.20934 
GN 44 48 48 46 11.22 16.39 46.79869 
GO 72 73 72 71 6.76 25.94 74.89425 
GP 67 69 70 69 6.93 24.46 73.54156 
GQ 70 68 73 73 8.84 21.46 65.67392 







Table A.1. Continued. 
GS 70 74 70 70 6.76 22.9 72.83068 
GT 66 70 69 68 7.95 23.85 70.52878 
GU 61 63 64 63 8.25 19.34 64.74947 
GV 53 56 56 55 10.09 17.89 55.66697 
GW 65 66 68 67 8.11 22.33 68.70386 
GX 58 60 62 63 9.4 20.74 63.04886 
GY 75 75 75 74 6.02 24.66 75.87016 
GZ 75 77 75 74 5.89 26.3 77.0586 
HA 58 59 60 60 9.77 20.7 61.83706 
HB 59 55 61 61 9.43 20.31 62.33486 
HC 75 77 76 77 5.96 26.51 77.00766 
HD 53 51 54 54 10.43 18.96 56.62575 
HE 66 69 70 68 7.83 23.26 70.32835 
HF 64 68 68 68 7.88 21.84 68.85031 
HG 58 60 63 60 9.02 18.94 61.55983 
HH 66 70 68 69 7.54 23.05 70.90624 
HI 66 68 69 67 7.93 23.23 70.0397 
HJ 59 58 59 62 9.42 19.7 61.43388 
HK 72 73 73 71 6.61 25.52 74.98852 
HL 53 57 55 55 10.15 18.55 56.82693 
HM 64 66 67 66 8.24 21.96 67.96161 
HN 56 56 57 59 9.28 17.44 57.85186 
HO 56 54 58 59 8.74 18.1 61.12679 
HP 64 66 70 68 8.4 23.86 69.38702 
HQ 44 42 46 45 10.94 15.69 45.79246 
HR 56 61 56 59 9.1 18.19 59.98181 
HS 44 47 49 49 11.17 16.89 48.598 
HT 59 60 63 63 9.4 21.44 63.99607 
HU 75 74 76 74 5.91 26.73 77.22636 
HV 61 63 65 64 8.01 19.09 65.19121 
HW 59 60 61 62 9.91 20.98 61.81275 
HX 53 55 57 54 9.85 18.99 58.75531 
HY 70 70 72 70 7.25 24.82 73.01609 








Table A.1. Continued. 
 True Caliper 2  Caliper 3  
Name Angle (x) W2 L2 A2 W3 L3 A3 
AA 15 14.63 15.31 17.14 14.64 15.39 17.96 
AB 6 15.61 15.67 5.016 15.37 15.76 12.77 
AC 33 13.21 16.86 38.42 13.51 16.73 36.14 
AD 51 10.94 20.35 57.48 10.87 20.75 58.41 
AE 34 13.51 17.07 37.68 13.54 17.17 37.95 
AF 50 11.62 20.91 56.24 11.61 21.24 56.87 
AG 27 13.91 16.43 32.15 13.81 16.47 33.02 
AH 0 12.62 12.92 12.37 12.61 12.82 10.38 
AI 47 11.93 18.5 49.84 12.05 18.73 49.96 
AJ 3 15.34 16.02 16.75 15.43 15.53 6.506 
AK 24 13.86 15.99 29.91 13.81 15.99 30.27 
AL 0 13.3 13.58 11.66 13.41 13.55 8.243 
AM 8 15.6 16.13 14.73 15.57 16.36 17.88 
AN 6 14.29 14.51 9.99 14.49 15.31 18.84 
AO 40 12.64 17.86 44.95 12.71 18.09 45.36 
AP 5 15.74 15.95 9.308 15.58 15.64 5.02 
AQ 67 7.45 25.27 72.85 7.44 25.23 72.85 
AR 12 15.68 16.37 16.69 15.84 16.38 14.75 
AS 61 9.3 23.77 66.97 9.42 24.27 67.16 
AT 0 14.13 14.4 11.11 14.04 14.18 8.058 
AU 19 15.93 17.07 21.06 15.58 17.16 24.78 
AV 12 14.07 15.03 20.59 13.74 15.05 24.08 
AW 32 13.03 16.26 36.74 13.06 16.19 36.23 
AX 37 13.41 16.9 37.49 13.63 16.7 35.3 
AY 41 12.92 18.44 45.52 13 19.04 46.94 
AZ 58 9.64 22.17 64.23 9.72 22.24 64.08 
BA 19 14.25 15.96 26.77 14.3 15.72 24.54 
BB 27 14.41 16.15 26.84 14.45 16.29 27.5 
BC 55 10.33 21.56 61.37 10.54 22.09 61.5 
BD 53 10.5 20.4 59.02 10.46 20.36 59.09 
BE 46 12.07 19.84 52.53 12.1 19.88 52.51 
BF 36 13.62 18.04 40.98 13.5 17.59 39.87 
BG 36 12.87 17.44 42.44 12.79 17.17 41.85 
BH 29 13.77 16.3 32.35 13.63 16.22 32.83 







Table A.1. Continued. 
CB 30 13.95 16.62 32.93 14 16.77 33.4 
CC 15 15.95 16.27 11.38 15.95 16.36 12.85 
CD 7 15.67 15.85 8.643 15.56 15.59 3.555 
CE 20 14.67 15.96 23.19 14.5 15.55 21.18 
CF 0 16.05 16.05 0 15.97 15.97 0 
CG 45 14.85 20.34 43.11 14.67 20.13 43.22 
CH 0 15.31 15.4 6.197 15.43 15.6 8.466 
CI 0 15.61 16.4 17.86 13.9 13.96 5.314 
CJ 13 15.98 16.52 14.69 15.66 16.18 14.57 
CK 15 13.89 14.01 7.504 15.97 16.4 13.15 
CL 7 15.58 15.72 7.652 15.57 15.79 9.576 
CM 30 15.48 18.71 34.17 15.57 18.55 32.93 
CN 20 14.86 16.74 27.42 14.81 16.81 28.23 
CO 45 13.01 19.29 47.59 12.85 19.38 48.47 
CQ 0 14.25 14.72 14.52 14.22 14.8 16.09 
CR 15 15.17 15.5 11.84 14.91 15.17 10.62 
CS 35 14.62 18.4 37.39 14.14 18 38.23 
CT 20 14.93 16.54 25.49 14.81 16.23 24.15 
CU 20 14.1 16.01 28.27 14.53 15.95 24.36 
CV 30 14.18 17.55 36.1 14.44 17.49 34.35 
CW 0 15.16 15.57 13.18 15.15 15.46 11.49 
CX 25 15.58 18.17 30.97 15.55 17.63 28.11 
CY 53 9.96 18.44 57.31 10.15 18.21 56.12 
CZ 35 14.8 19.2 39.57 14.93 19.37 39.58 
DA 13 15.02 16.17 21.74 15.16 16.02 18.86 
DB 0 15.21 15.63 13.31 15.25 15.48 9.889 
DC 30 14.43 17.44 34.17 14.1 16.73 32.56 
DD 10 14.49 15.39 19.69 14.78 15.44 16.81 
DE 0 15.78 15.83 4.555 15.73 15.96 9.739 
DF 20 14 16.1 29.59 13.94 15.85 28.42 
DG 0 15.31 15.6 11.06 15.24 15.46 9.677 
DH 30 15.63 18.33 31.49 15 18.05 33.8 
DI 0 15.19 15.59 13.01 15.11 15.58 14.11 
DJ 35 15.2 19.4 38.42 14.9 19.62 40.59 
DL 45 14.03 19.63 44.38 13.9 19.76 45.3 
DM 30 14.4 17.16 32.95 14.43 16.8 30.8 
DN 35 14.7 18.84 38.72 14.57 18.5 38.04 
DO 10 15.67 16.02 12 15.57 15.77 9.135 
DP 35 14.92 19.53 40.19 14.68 19.21 40.17 







Table A.1. Continued. 
DR 7 15.27 15.41 7.729 14.96 15.1 7.808 
DS 15 15.79 16.49 16.75 15.44 16.23 17.95 
DT 25 14.73 16.74 28.37 14.49 16.69 29.75 
DU 20 14.61 15.05 13.89 14.44 15 15.71 
DV 45 13.62 20.32 47.91 13.6 19.87 46.81 
DW 20 14.92 16.64 26.28 15.85 16.48 15.89 
DX 30 13.92 16.96 34.84 13.58 16.26 33.37 
DY 13 14.91 15.14 10 14.67 14.89 9.861 
DZ 15 15.23 16.13 19.23 15.02 16.19 21.92 
EA 25 14.58 16.95 30.66 14.77 16.75 28.14 
EB 65 8.33 21.51 67.22 8.41 21.59 67.07 
EC 25 15.09 17.29 29.22 14.92 16.09 21.98 
ED 25 14.31 16.52 29.98 13.98 16.02 29.23 
EE 25 14.19 15.82 26.24 14.4 16.12 26.71 
EF 25 14.67 16.58 27.77 14.19 16.28 29.35 
EG 35 14.35 18.3 38.36 13.9 18.18 40.13 
EI 13 15.58 16.22 16.15 15.76 15.89 7.334 
EJ 30 14.14 16.92 33.31 14.28 16.89 32.28 
EK 25 15.28 17.98 31.81 14.49 17.23 32.76 
EL 20 15 16.1 21.3 14.67 15.87 22.42 
EM 10 14.94 15.28 12.11 14.38 14.57 9.263 
EN 10 16.1 16.78 16.37 16 16.37 12.2 
EO 30 15.33 18.85 35.58 15.14 18.55 35.3 
EP 25 14.72 16.77 28.63 14.5 16.95 31.19 
EQ 10 14.07 14.5 13.99 13.92 14.28 12.89 
ER 7 13.67 14.86 23.09 13.76 14.75 21.11 
ES 7 14.5 15.62 21.83 14.27 14.9 16.72 
ET 7 16.02 16.32 11 16.05 16.36 11.17 
EU 45 13.98 19.55 44.35 13.92 19.22 43.59 
EV 45 14.35 20.25 44.88 14.38 20.2 44.61 
EW 7 15.42 15.84 13.22 15.65 16.65 19.96 
EX 7 16.04 16.44 12.66 15.99 16.04 4.525 
EY 30 14.61 18.06 36 14.37 17.16 33.13 
EZ 25 15.06 17.07 28.09 14.84 16.74 27.56 
FA 44 11.46 16.49 45.98 11.5 16.71 46.51 
FB 67 7.54 21.85 69.81 7.48 21.97 70.09 
FC 67 7.58 21.19 69.04 7.59 22.04 69.86 
FD 66 7.73 21.99 69.42 7.72 22.14 69.59 
FE 53 10.1 18.04 55.95 9.95 17.88 56.19 







Table A.1. Continued. 
FG 67 7.51 22.41 70.42 7.37 22.3 70.7 
FH 44 11.26 16.24 46.1 11.27 16.24 46.06 
FI 64 8.46 22.7 68.12 8.32 22.32 68.11 
FJ 64 8.37 23.49 69.13 8.32 22.83 68.63 
FK 67 8.03 20.96 67.47 8.01 22.73 69.37 
FL 44 11.23 16.24 46.25 11.72 16.81 45.8 
FM 67 7.43 21.1 69.38 7.38 22.25 70.63 
FN 56 9.3 17.5 57.9 9.16 17.67 58.78 
FO 61 7.81 18.93 65.63 8.07 19.29 65.27 
FP 67 7.71 22.16 69.64 7.48 22.57 70.65 
FQ 61 7.7 18.83 65.86 7.63 18.45 65.57 
FR 66 7.31 22.14 70.72 7.33 22.68 71.14 
FS 61 8.2 18.86 64.23 7.92 19.23 65.68 
FT 67 7.89 21.76 68.74 7.71 22.56 70.02 
FU 67 8.02 22.16 68.78 7.79 22.82 70.04 
FV 75 5.83 27.65 77.83 5.87 27.74 77.78 
FW 67 7.51 22.69 70.67 7.39 23.41 71.6 
FX 56 9.37 19.1 60.62 9.21 18.25 59.69 
FY 72 6.46 23.98 74.37 6.48 25.07 75.02 
FZ 72 6.49 24.15 74.41 6.41 23.97 74.49 
GA 65 7.75 21.54 68.91 7.61 21.44 69.21 
GB 65 7.97 22.75 69.49 8.16 22.08 68.31 
GC 44 10.93 16.28 47.83 10.89 16.01 47.14 
GD 70 7.02 24.33 73.23 6.87 24.51 73.72 
GE 75 5.96 26.82 77.16 6.05 27.71 77.39 
GF 59 9.42 21 63.35 9.33 21.14 63.81 
GG 64 8.02 21.86 68.48 8.15 21.4 67.61 
GH 53 9.94 18.2 56.9 9.73 18.21 57.7 
GI 59 9.34 19.55 61.46 9.18 19.9 62.53 
GJ 53 9.23 17.07 57.27 9.16 16.62 56.55 
GK 70 7.14 25.41 73.68 7.05 25.08 73.67 
GL 58 8.99 19.37 62.35 8.85 19.28 62.68 
GM 66 7.81 24.17 71.15 7.68 23.38 70.82 
GN 44 11.14 16.37 47.12 11.22 16.32 46.57 
GO 72 6.73 16.23 65.5 6.76 24.83 74.2 
GP 67 7.6 22.29 70.06 7.55 21.87 69.8 
GQ 70 6.83 24.52 73.83 6.72 24.03 73.76 
GR 61 9.05 20.17 63.34 8.89 20.74 64.62 
GS 70 6.8 24.08 73.6 6.63 23.25 73.43 







Table A.1. Continued. 
GU 61 8.23 19.94 65.62 8.22 19.23 64.69 
GV 53 10.08 18.38 56.74 10.05 18.12 56.31 
GW 65 8.09 22.26 68.69 8.09 22.1 68.53 
GX 58 9.4 20.75 63.06 9.37 20.3 62.51 
GY 75 5.86 25.9 76.92 5.84 26.04 77.04 
GZ 75 5.58 26.62 77.9 5.67 26.25 77.53 
HA 58 9.92 21.51 62.54 9.86 24.45 66.22 
HB 59 9.43 20.13 62.07 9.37 20.1 62.21 
HC 75 5.96 26.99 77.24 5.88 27.54 77.67 
HD 53 10.7 19.09 55.91 10.42 18.99 56.72 
HE 66 7.91 23.41 70.25 7.72 23.33 70.68 
HF 64 7.85 22.42 69.5 7.72 22.46 69.9 
HG 58 9.08 19.28 61.9 9.01 20.1 63.37 
HH 66 7.67 22.38 69.96 7.71 23.31 70.69 
HI 66 7.75 22.92 70.24 7.82 23.21 70.31 
HJ 59 9.43 19.69 61.38 9.22 20.04 62.61 
HK 72 6.47 25.15 75.09 6.61 24.94 74.63 
HL 53 10.16 18.68 57.05 10.1 18.38 56.67 
HM 64 8.35 21.59 67.25 8.28 22.18 68.08 
HN 56 9.24 17.97 59.06 9.2 17.61 58.5 
HO 56 8.6 18.13 61.68 8.65 17.83 60.98 
HP 64 8.19 23.95 70 8.35 23.8 69.46 
HQ 44 11.03 15.75 45.55 10.97 15.56 45.17 
HR 56 8.88 17.97 60.39 8.9 17.81 60.02 
HS 44 10.95 17.15 50.32 11.04 17.17 49.99 
HT 59 9.44 21.38 63.8 9.46 20.91 63.1 
HU 75 5.77 24.74 76.51 5.93 26.4 77.02 
HV 61 8.28 19.22 64.48 8.04 19.05 65.04 
HW 59 10.05 21.68 62.38 9.72 21.3 62.85 
HX 53 9.71 17.92 57.19 9.67 18.74 58.94 
HY 70 6.93 25.11 73.98 7.06 25.35 73.83 
HZ 65 8.32 22 67.78 8.44 22.96 68.43 




























































































Michael Keith Burgess 
Computer Information Technology – Forensic Science, Purdue University 
 
Education 
B.S., Core Mathematics, 2010, Purdue University, West Lafayette, Indiana 
B.S., Applied Mathematics, 2011, Purdue University, West Lafayette, Indiana 
 Minors: Japanese, Psychology, Forensic Science 
 
Research Interests 
 Bloodstain Pattern Analysis  Digital Forensics 
Forensic Procedure   Steganography & Encryption 
Automobile Digital Investigation Graphic Development 
Vulnerability Analysis   Application and Tool Development 
  
Work Experience 
Spring 2015 Enterprise Risk Management 
Digital Forensics Consultant and Director 
Performs digital forensics for various clients, including digital investigations, penetration 
testing, security certifications, breach analysis and remediation, forensic imaging, and 
other various tasks. Also creates and presents on various topics in conference scenarios 
and webinars. Develops and coordinates large, multi-million dollar, government-wide 
grant proposals. 
 
Spring 2014 Purdue University Cyber Forensics Lab 
Digital Forensics Investigation 
Assisting local and state police with a large case. For this case, I am indexing, data 
carving, and analyzing over 8,000 GB of information for a single investigation. I am 
coordinating this project with a graduate assistant, and will provide a full report of all 
findings upon completion. More information can be provided upon request. 
 
Spring 2013 Lafayette, IN Police Department 
Digital Forensics Internship 
Assigned to help in casework for the Layette Police Department. This includes imaging 
over 20 phones, and 15 hard drives from laptops and personal computers, examining 
them for evidence, and providing a report of my findings. Training included working 
with Forensic Toolkit, FTK Imager, Mobile Phone Examiner, Cellebrite, Sleuth Kit, 







2010 – 2013 Purdue University 
Tarkington Hall Staff Resident 
In charge of 16 Resident Assistants and 750 students who live in the hall, the first point 
of contact for all emergencies, assist in disciplinary action, and in charge of supervising, 
hiring, and training RAs. In 2012 the job expanded so that the SR is also indirectly 
responsible for 80 RAs and 3,000 students in five surrounding halls.  
2nd Page of VITA 
2009-2010, 2013-2014 Purdue University 
Resident Assistant 
Assist in constructing a safe community with my floor of 46 – 60 students, administer 
disciplinary procedures, and construct programs that help the social and cultural needs of 
all residents 
 
2009-2010 Purdue University 
Differential Equations (MA366) Teacher’s Assistant 
Manage lab component of MA366 (Intermediate Differential Equations), grade papers, 




2009-2010 Purdue University 
Purdue’s Resident Assistant of the Year 
Due to my leadership, mentoring, strong creativity, community building, time 
management, teambuilding, and nationally acclaimed programs, I was awarded Purdue’s 
RA of the year.  
  
2010-2011  
Best State-Wide Program of the Year & Conference for Indiana Student Staff 
Best University-Wide Educational Program of the Year  Purdue Student Union Board 
In recognition for the educational program “Who Murdered Andy Woodring??” I was 
awarded these awards for teaching students about elementary crime scene analysis. In 
this program, I inspired others to take introductory CSI classes by making a fun, mock 
crime scene, teaching them simple analysis procedures, and have them figure out exactly 
what happened using blood spatter, Luminol uses, presumptive blood testing, ballistics, 
and fingerprinting.   
 
 
August, 2012 National Residence Hall Honorary 
National-Level Award for Adviser of the Month   
In recognition for my services, leadership, and positive influence as adviser to the 
Purdue’s “Halberdier Club” and Staff Resident of Tarkington Hall, I was recognized with 








January 2013 Purdue University Cyber Forensics Lab 
Al Jazeera of America Interview 
Dr. Samuel Liles and I was video interviewed by Al Jazeera for their “People divided 
over the impact of the ‘Deep Web’”. The video interview was run nationally and abroad, 
where I take them through a tour of The Onion Router and why investigators and the 
public need to know about the ramifications of the seedy parts of the “Deep Web” along 
with the positives that have come from it. Video can be provided upon request. 
 
March, 2014 Purdue University 
CERIAS Symposium 2014 
At the 15th Annual Information and Security Symposium, I presented a poster on “A 
Critical Look at Steganographic Investigations”. This poster detailed a malleable 
steganography tool, programmed in both Matlab and Python, that was able to hide a 3D 
printable firearm (or any file 50% the size of the target) onto a wave audio file. The tool 
allows for input of both of these files, and the resulting file is not flagged by current anti-
stego tools. This poster was a call of action for the dangers of steganography. Poster and 
program available upon request. 
 
October, 2013 San Diego, CA 
International Association of Bloodstain Pattern Analysts Conference 
This was the annual international 40-hour training conference for bloodstain pattern 
analysts. At this conference, we discussed papers, procedures, and general networking. At 
this conference, I attended both the “Forensic Pathology” and the “How do we reach 
conclusions about pattern classification in BPA” (bias analysis) workshops. 
 
